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Seal Course 5.2 

 
NOTE:   All Pile Shall be Vertical. 

General Requirements: 
Water elevation is to be determined for the site conditions by the 
preliminary design section; generally, less than the average of high and 
low water. 

 
Determine the uplift force per pile by deducting the weight of the seal 
course and friction between seal course and sheet piling of cofferdam 
from the uplift force produced by the hydrostatic head "h". 

 
Use a friction value between the seal course and the sheet piling of  
2 lbs./in2 acting on (perimeter x depth) of seal course. 

  
Pile Pullout Force 

Allowable uplift force per pile shall be determined by the minimum of: 
AASHTO Table 4.5.6.2A 

(1) The allowable friction capacity of pile = ultimate friction capacity of pile            
divided by a safety factor of 3.5.  Use "SPILE" program to calculate                 
ultimate friction capacity of pile.  

AASHTO 8.16.6.2 
(2) Ultimate pull-out capacity of pile due to shear failure (with maximum                

shear stress of cf '2 ) divided by a safety factor of 3. See Figures  1, 2  
 and the following example. 

AASHTO 4.5.6.6.1 
Bridge Manual 3.74 page 1.1.1 

(3) Maximum pullout of 20 kips for C.I.P. piles. (This is based on 33% of               
the 14" CIP pile's maximum frictional pile load.) 

AASHTO 4.5.7.3 
(4) Maximum pullout of 0.25Py for steel pile.  Py is the yield axial load of                

steel pile. 
For C.I.P. pile, check items (1), (2), and (3) only. 
For steel pile, check items (1), (2), and (4) only. 
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Shear Cone Failure Surface 

 

 

                             
 
 
 

 
 
 

Figure 1 – Full Shear Cone Failure Surface 
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 Reduced  Reduced 
 Surface Area = πS(r+R) Surface Area = (2a+2b+πR)S 

 
Figure 2 – Reduced Shear Cone Failure Surface 

 
The reduced surface area defined in Figure 2 is a conservative value 
compared to the actual reduced surface area.  The geometry of the actual 
surface area is time consuming and complicated to compute, so a standard 
shape was chosen to ensure efficient use of the designer's time.  
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Example 1 - Seal Course 
 
Problem________________________________________________ 
Check if Seal Course design is adequate. 
 
Given 

• Concrete Strength f'c= 3000 psi 
• Pile spacing = 3'-0" 
• 12 - HP 10 x 42 piles 
• Area of an individual HP 10 x 42 Pile = A = 12.4 in2 
• Yield strength of steel Fy = 36 ksi 
• Maximum axial load Py = Fy (A) = 36 ksi (12.4 in2) = 446.4 kips 
• Hydrostatic head h = 19' 
• Seal Course = 12' x 15' x 3' 
• Pile embedment below seal course = 15' 
 

 
 

Figure 3 – Seal Course Elevation 
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Figure 4 – Typical Shear Cone Failure Area 

 

 
Figure 5 – Shear Failure Area for Individual Pile 
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Solution _____________________________________  
 
ACTUAL UPLIFT FORCE: 
Uplift force of water = 12'(15')(19')(0.0624 kips/ft3)  =     214 kips 
Weight of seal course = 12'(15')(3')(0.15 kips/ft3)  =      -81 kips 
Friction of sheet pile = (15'+12')(2)(3')(144)(0.002kips/in2) =       -47 kips 
 
Net uplift of piles                                                             =       86 kips 
 
Actual uplift per pile = 86 kips/12 piles = 7.17 kips/pile 
 
 
ALLOWABLE UPLIFT FORCE: 
 Use the minimum of ........... 
 
(1)  Allowable friction capacity of pile: 
 Using "SPILE" program, the ultimate friction capacity of pile 
 is 53.97 kips. 
 Allowable friction capacity = 53.97 kips/3.5 = 15.42 kips 
  
(2)  Allowable pullout capacity of pile due to shear cone failure: 
 (Reference Figures 4 & 5) 
   

• Total Reduced Shear Cone Area for H-pile 
 = (2a + 2b + πR)S 
 = (2 x 9.7" + 2 x 10" + 3.1416 x 13") x 18.38" 
 = 1474 in2 

 
• Ultimate Shear Strength  

        = cf '2          

       = 30002  
         = 109.5 psi 
 

• Total Pull-Out Capacity 
        = (Total Shear Cone Area) x (Ultimate Shear Strength)     
        = 1474 in2 x 0.1095 ksi 
        = 161.4 kips ≤ Py = 446.4 kips 
 

• Allowable Pull-Out Capacity 
       = Total Pull-Out Capacity / Factor of Safety   
       = 161.4 kips/3  
       = 53.8 kips < 0.25Py = 0.25 x 446.4 kips = 111.6 kips, O.K. 
 
From (1) & (2): 
Allowable uplift force = 15.42 kips 
Actual uplift force = 7.17 kips  
 15.42 kips > 7.17 kips       O.K. 
  
 
 
 



Bridge Manual 
Open Concrete Intermediate Bents & Piers – Sec. 3.71  Page: 5.2-7 
 Pile Footings 

Revised: Sept. 2001  E7102 

 
Try seal course depth = 2'-6" 
 
ACTUAL UPLIFT FORCE: 
Uplift force of water = 12'(15')(18.5')(0.0624 kips/ft3) =    207.8 kips 
Weight of seal course = 12'(15')(2.5')(0.15 kips/ft3) =     -67.5 kips 
Friction of sheet pile = (15'+12')(2)(2.5')(144)(0.002 kips/in2) =     -38.9 kips 
 
Net uplift of piles                                                                  =     101.4 kips 
 
Actual uplift per pile = 101.4 kips/12 piles = 8.45 kips/pile     
 
 
ALLOWABLE UPLIFT FORCE: 
 Use the minimum of ........... 
 
(1) Allowable friction capacity of pile: 
 Using "SPILE" program, the ultimate friction capacity of pile  
 is 54.37 kips. 
 Allowable friction capacity 54.37 kips/3.5 = 15.53 kips 
 
(2) Allowable pullout capacity of pile due to shear cone failure = 53.8 kips 
 
From (1) & (2): 
Allowable uplift force = 15.53 kips 
Actual uplift force = 8.45 kips 
 15.53 kips > 8.45 kips  
 (Thus, using a depth of 2'-6" is an economical design.) 
 
                            

 









Bridge Manual 
Open Concrete Intermediate Bents & Piers – Sec. 3.71  Page: 6.1-1 
 Spread Footings 

Revised: Sept. 2001  E7102 

Design and Dimensions 

 
 
 

d - column diameter 
L - footing length  
b - footing depth    
B - footing width    
A - edge distance from column 
 
 

Dimensional Requirements 
 

L - Minimum of 1/6 x distance from top of beam to bottom of footing 
     (3" increments); 
 
B - Minimum footing width is column diameter + 2A, (3" increments); 
 
A - Minimum of 12"; 
 
b - Minimum of 30" or column diameter, Maximum of 72" at 3" 
      increments; (for column diameters 48" and greater use a    
      48" minimum footing depth.) 
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Design and Dimensions (Cont.) 
Size 

The size of footing shall be determined by computing the location of the 
resultant force and by calculating the bearing pressure. 
 
Long, narrow footings are to be avoided, especially on foundation material of 
low capacity.  In general, the length to width ratio should not exceed 2.0, 
except on structures where the ratio of the longitudinal to transverse loads or 
some other consideration makes the use of such a ratio limit impractical. 

 
Location of Resultant Force 

 
The location of the resultant force shall be determined by the following 
equations.  
 
The Middle 1/3 is defined as:  

6
1≤+

B
e

L
e BL  

The Middle 1/2 is defined as: 
4
1≤

L
eL   and 

4
1≤

B
eB   

The Middle 2/3 is defined as : 
3
1≤

L
eL   and 

3
1≤

B
eB     

 
 
 
The following table specifies requirements for the location of the resultant 
force. 

 
 

 
Soil Type 

Resultant Location 
Group I - VI 

Resultant Location 
Earthquake Loads 

Categories B, C and D 
Clay, clay and boulders, 
cemented gravel, soft 
shale with allowable 
bearing values less than 6 
tons, etc. 

 
 

middle 1/3 

 
 

middle 1/2 

Rock, hard shale with 
allowable bearing values 
of 6 tons or more. 

 
middle 1/2 

 
middle 2/3 
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Design and Dimensions (Cont.) 
Bearing Pressure 
The bearing pressure for Group I thru VI loads shall be calculated using 
service loads and the allowable overstress reduction factors as specified in 
AASHTO Table 3.21.1A. The calculated bearing pressure shall be less than 
the allowable pressure given on the Design Layout.  
 
The bearing pressure for Earthquake Loads in Categories B, C, and D shall 
be  calculated from loads specified in AASHTO Division I-A Seismic Design, 
Sections 6.2.2, 7.2.1, and 7.2.2.  The seismic design moment shall be the 
elastic seismic moment (EQ) divided by the modified response modification 
factor R'.  The modified seismic moment shall then be combined 
independently with moments from other loads: 
 
 
Group Load = 1.0(D + B + SF + E + EQ/R') 

AASHTO Division I-A Table 3 
 where D    = dead load 
  B    = buoyancy 
  SF  = stream flow pressure 
         EQ = elastic seismic moment 
   E    = earth pressure 
  R'   = R/2 for category B 
        = 1 for categories C and D 
 
  R   = Response Modification Factor 
        = 5 for multi-column bent 
        = 3 for single-column bent 
 
 
 
 
 
 
The calculated bearing pressure shall be less than the ultimate capacity of 
the foundation soil.  The ultimate capacity of the foundation soil can be 
conservatively estimated as 2.0 times the allowable bearing pressure given 
on the Design Layout.  The analysis method of calculating bearing pressures 
is outlined in the following information. 
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See AASHTO 4.4.2 for explanation of notations. 
 

 
 

Sketch of Dimensions for Footings Subjected to Eccentric Loading 
               
  For eL < L/6                                                              For L/6 < eL < L/2 
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Bearing Pressure for Footing Loaded Eccentrically About One Axis
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Variables determined from AASHTO Figure 4.4.7.1.1.1C 
 

 
 
 

 
 

Bearing Pressure for Footing 
Loaded Eccentrically About Two Axes 
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Loading Cases 

AASHTO - ARTICLE 3.22 
Loads for Groups I thru VI shall be calculated for all bridges. 
 
Earthquake loads shall be calculated when the bridge is in Seismic Zones B, 
C, and D. 
  
Loads for other group loadings shall be used on a case by case basis.  
 
 

 Reinforcement_____________________________________ 
 
The footing is to be designed so that the shear strength of the concrete is 
adequate to handle the shear stress without the additional help of 
reinforcement. If the shear stress is too great, the footing depth should be 
increased. 
 
Shear 
 
The shear capacity of the footings in the vicinity of concentrated loads shall 
be governed by the more severe of the following two conditions. 
 

AASHTO Articles 8.15.5 or 8.16.6 
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AASHTO 8.15.5.6 
Critical section at "d" distance from face of column: 
 

     
Load Factor 

 )/( bdVV un φ=  

 cfVc '2=  

 b = footing width 
AASHTO 8.16.6.6 

Critical section at "d/2" distance from the column: 
 

 

Load Factor 
 )/( 0dbVV un φ=  

 cfVc '4=  

b0 = 4(d + Equivalent square column width) 
If shear stress is excessive, increase footing depth. 
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Bending 
 
If the shear line is within the projected equivalent square column, the footing 
may be considered satisfactory for all conditions. (minimum reinforcement 
required) 
 
If the shear line is outside of the projected column, the footing must be 
analyzed and reinforced for bending and checked for shear stress. 
 

 
 
The critical section for bending shall be taken at the face of the equivalent 
square column. The equivalent square column is the theoretical square 
column which has a cross sectional area equal to the round section of the 
actual column and placed concentrically.     
 
 
Reinforcement in Bottom of Footing 
The bearing pressure used to design bending reinforcement for Group I thru 
VI loads shall be calculated using Load Factor Loads. 
 
The bearing pressure used to design bending reinforcement for Earthquake 
Loads in Categories B, C, and D shall be calculated from the same loads as 
specified in AASHTO Division 1-A Seismic Design for ultimate bearing 
pressure.  
 
The bottom reinforcement shall be designed using ultimate strength design.  
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Distribution of Reinforcement 

 
L = Footing Length 

B = Footing Width 
Reinforcement shall be distributed uniformly across the entire width of footing 
in the long direction.  In the short direction, the portion of the total 
reinforcement given by AASHTO Equation 4.4.11.2.2-1 shall be distributed 
uniformly over a band width equal to the length of the short side of the 
footing, B. 
 
 Band Width Reinforcement = 2(total reinforcement in short direction)/(β+1)   
 β = the ratio of footing length to width = L/B 
 
The remainder of the reinforcement required in the short direction shall be 
distributed uniformly outside the center band width of footing. 
 

 
Reinforcement in Top of Footing 
 
Reinforcement in the top of the footing shall be provided for Seismic 
Performance Categories B, C, and D.  This reinforcement shall be the 
equivalent area as the bottom steel in both directions.  The top steel shall be 
placed uniformly outside the column. 
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